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BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 



5 light-emitting element. 

In recent years, semiconductor light-emitting elements 
are widely used in an outdoor display, automobile indicator, and 
the like. The semiconductor light-emitting element is a device 
using emission recombination of electrons and holes injected in 

10 a p-n junction region. Emission ranging from infrared radiation 
to ultraviolet radiation can be realized by changing the 
semiconductor material of a light-emitting layer. 

Fig. 30 shows the structure of a conventional 
semiconductor light-emitting element. An n-type GaAs buffer 

15 layer 3202, an n-type DBR (Distributed Bragg Reflector) 
reflective layer 3203 made of InGaAlP and GaAs to reflect light 
using the Bragg reflection effect, an n-type InGaAlP cladding 
layer 3204, an active layer 3205, a p-type InGaAlP cladding layer 
3206/ a p-type AlGaAs window layer 3207 , and a p-type GaAs contact 

2 0 layer 3208 are sequentially formed on the upper surface of an 

n-type GaAs substrate 3201. 

An n-type electrode 3209 is formed on the lower surface 
of the n-type GaAs substrate 3201, and a p-type electrode 3210 
is formed on the p-type GaAs contact layer 3208 . Power is supplied 
25 to the light-emitting element to emit light from the active layer 
3205. Light emitted downward in Fig. 30 by the active layer 3205 
is reflected by the reflective layer 3203, and radiated to above 
the element via the window layer 3207 together with the light 
emitted upward. 

3 0 The conventional semiconductor light-emitting element 

suffers the following problem. 

Part of light that is emitted downward by the active layer 
3205 and travels straight toward the reflective layer 3203 is 
reflected by the reflective layer 3203 without being absorbed 
35 by the substrate 3201, and can be effectively extracted outside. 



However, the reflective layer 3203 exhibits a very low 
reflectivity with respect to light traveling diagonally toward 



the reflective layer 3203, so not all the light from the active 
layer 3205 can be extracted outside. 

The semiconductor light-emitting element absorbs light by 
a substrate which provides a critical angle defined by the 
5 difference in refractive index between the semiconductor crystal 
and the atmosphere or enables crystal growth. For this reason, 
light which can be extracted outside is only several % of 
internally emitted light. 

Fig. 26 shows the structure of another semiconductor 
10 light-emitting element relating to the present invention. 

A multilayered reflective film 1001, p-type contact layer 
1002, p-type cladding layer 1003, active layer 1004 functioning 
as a light-emitting layer, n-type cladding layer 1005, and n-type 
contact layer 1006 are formed on a p-type semiconductor substrate 
15 1000. An n-type electrode 1007 is formed on the contact layer 
1002, whereas a p-type electrode 1008 is formed on the contact 
layer 1006. 

Part of light emitted by the active layer 1004 that travels 
toward the n-type cladding layer 1005 is extracted outside via 
2 0 the cladding layer 1005. 

Light that travels toward the p-type cladding layer 1003 
is reflected by the multilayered reflective film 1001, and 
extracted outside via the n-type cladding layer 1005. 

In this structure, light emitted toward the substrate 1000 
25 can be reflected by the reflective film 1001, and extracted 
outside. 

However, the reflectivity of light which is not vertically 
incident on the reflective film 1001 is low, the electrodes 1007 
and 1008 which shield light exist on the light extraction surface, 

30 and the active layer 1004 is formed on the reflective film 1001. 
This results in low crystallinity and short service life. 

Fig. 27 shows still another semiconductor light-emitting 
element relating to the present invention. An n-type InGaP 
buffer layer 1102, n-type InAlP cladding layer 1103, InGaAlP 

35 active layer 1104 functioning as a light -emitting layer, p-type 
InAlP cladding layer 1105, and p-type GaAs contact layer 1106 
are formed on the upper surface of an n-type GaP substrate 1101- 



A p-type electrode 1107 is formed on the p-type GaAs contact layer 
1106 , while an n-type electrode 1100 is formed on the lower surface 
of the substrate 1101. 

Light emitted by the InGaAlP active layer 1104 is reflected 
5 by the n- and p-type electrodes 1100 and 1107, and extracted 
outside from a region of the contact layer 1106 which is not 
shielded by the p-type electrode 1107. 

In this structure, however, light concentrated 
immediately below the electrode 1107 is shielded by the electrode 
10 1107, and cannot be extracted outside. 

In the element shown in Fig. 27, only several % of light 
emitted by the active layer 1104 can be extracted outside owing 
to the difference in refractive index between the crystal and 
the air. 

15 as the semiconductor light-emitting element, a compound 

semiconductor light-emitting element using a GaAs-based 
semiconductor material is adopted to emit light ranging from red 
to green, and a gallium nitride-based compound semiconductor 
light-emitting element using Al(x)Ga(y)In(l-x-y)N (0 ^ x, y ^ 

20 1, x+y ^ 1) is adopted to emit light from the ultraviolet range 
to the blue/green range. 

However, the refractive indices of these light-emitting 
elements are high (GaN - 2 . 67 , GaAs = 3 . 62 ) , their critical angles 
are small (GaN = 21.9°, GaAs = 16.0°), and thus their light 

25 extraction efficiencies are low. 

The GaAs system exhibits large light absorption on the 
substrate. Emitted light is absorbed by the substrate to 
decrease the light extraction efficiency. 

Fig. 29 shows still another semiconductor light-emitting 

3 0 element relating to the present invention. 

An n-type GaAs buffer layer 1301, n-type InGaAlP cladding 
layer 1302, InGaAlP active layer 1303, p-type InGaAlP cladding 
layer 1304, and p-type AlGaAs current diffusion layer 1305 are 
sequentially grown on the upper surface of an n-type GaAs 

35 substrate 1300. A p-side electrode pad 1307 is formed on the 
p-type AlGaAs current diffusion layer 1305, whereas an n-side 
electrode 1306 is formed on the lower surface of the n-type GaAs 



substrate 1300. 

In this structure, a current flowing from the p-side 
electrode 1307 is widened by the p-type AlGaAs -current -diffusion 
layer 1305, and injected from the p-type InGaAlP cladding layer 
5 1304 to the InGaAlP active layer 1303. The light is extracted 
outside the element via the p-type AlGaAs current diffusion layer 
1305. 

In the GaAs-based compound semiconductor light-emitting 
element having this structure, part of light emitted by the active 
10 layer 1303 that travels toward the substrate 1300 is absorbed 
by the substrate 1300 , and cannot be extracted outside the element. 
More specifically, 50% of the emitted light cannot be extracted, 
which is fatal to high luminance. 

As described above, the elements relating to the present 
15 invention suffer low light extraction efficiency - 



SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above situation, and has as its object to provide a 
2 0 semiconductor light-emitting element capable of efficiently 
extracting light emitted by a light-emitting layer outside the 
element . 

According to the present invention, there is provided a 
semiconductor light-emitting element comprising a substrate, a 

2 5 reflective layer which is formed on the substrate, contains a 

metal, and reflects light, a light-emitting layer formed on the 
reflective layer to emit light, and a transparent electrode formed 
on the light-emitting layer to transmit light. 

The light-emitting layer desirably has a 

3 0 double-heterostructure in which an active layer is sandwiched 

between first and second cladding layers. 

The semiconductor light-emitting element can further 
comprise an electrode of one conductivity type between a surface 
of the substrate and the reflective layer, a contact layer of 
35 the one conductivity type between the reflective layer and the 
light-emitting layer, and a contact layer of an opposite 
conductivity type between the light-emitting layer and the 



5 



transparent electrode. 

The semiconductor light-emitting element can further 
comprise an electrode of one conductivity type between a surface 
of the substrate and the reflective layer, a contact layer of 
5 the one conductivity type between the reflective layer and the 
light-emitting layer, and a contact layer of an opposite 
conductivity type between the light-emitting layer and the 
transparent electrode. 

The semiconductor light-emitting element can further 
10 comprise a strain relaxing layer which is sandwiched between the 
contact layer of one conductivity type and the first cladding 
layer, and has a middle band gap between band gaps of the contact 
layer of the one conductivity type and the first cladding layer. 

The contact layer of the one conductivity type and the 
15 contact layer of the opposite conductivity type may contain inGaP 
or InGaAlP. 

The semiconductor light-emitting element can further 
comprise an intermediate layer between the electrode of the one 
conductivity type and the reflective layer. 
20 The reflective layer may have a two-layered structure made 

up of a transparent conductive film and a metal. 

The transparent electrode may be formed using an ITO film. 

If the substrate contains a metal, preferable heat 
dissipation can be attained. 
25 compositions of first and second cladding layers are 

desirably adjusted to set band gaps of the first and second 
cladding layers to be larger than a band gap of an active layer. 

An active layer may have a single or multiple quantum well 
structure including a well layer and a barrier layer. 
30 According to the present invention, the reflective layer 

made of a metal can obtain a high reflectivity regardless of the 
angle of incident light on the reflective layer. Light emitted 
inside the element can be efficiently extracted outside. 

A semiconductor light-emitting element according to the 
35 present invention comprises a transparent semiconductor 

substrate, a buffer layer formed on the semiconductor substrate 
and lattice-matched with the semiconductor substrate, a 
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light-emitting layer formed on the buffer layer, a first electrode 
formed on the buffer layer, and a second light-reflecting 
electrode formed on the light-emitting layer. 

According to the present invention, light is extracted from 
the transparent substrate to increase the light extraction 
efficiency and luminance. The buffer layer lattice-matched with 
the substrate can prolong the service life with high 

cry s tall inity . 

A semiconductor light-emitting element according to the 
present invention comprises a semiconductor substrate, a 
light-emitting layer formed on the semiconductor substrate, and 
first and second electrodes formed on the same plane, wherein 
the semiconductor substrate has a light extraction window so as 
to pass light emitted by the light-emitting layer. 

The first and second electrodes are formed on the same plane. 
One of these electrodes can be directly formed on a heat sink 
to increase the luminance without saturating a light output up 
to a large current. 

A semiconductor light-emitting element manufacturing 
method according to the present invention comprises the steps 
of forming a buffer layer on a transparent semiconductor substrate 
so as to be lattice-matched with the semiconductor substrate, 
sequentially forming a first contact layer, a first cladding layer, 
a light-emitting layer, a second cladding layer, and a second 
contact layer on the buffer layer, partially removing the first 
cladding layer, the light-emitting layer, the second cladding 
layer, and the second contact layer to expose a surface of the 
first contact layer, forming a first electrode on the exposed 
surface of the first contact layer, and forming a second 
light-reflecting electrode on a surface of the second contact 
layer . 

A semiconductor light-emitting element manufacturing 
method according to the present invention comprises the steps 
of sequentially forming a buffer layer, a first contact layer, 
a first cladding layer, a light-emitting layer, a second cladding 
layer, and a second contact layer on a semiconductor substrate, 
partially removing the first cladding layer, the light-emitting 
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layer, the second cladding layer, and the second contact layer 
to expose a surface of the first contact layer, forming a first 
electrode on the exposed surface of the first contact layer, 
forming a second light-reflecting electrode on a surface of the 
second contact layer, and forming a light extraction window at 
a portion of the semiconductor substrate at which the light 
extraction window faces the second electrode. 

A semiconductor light-emitting element according to the 
present invention comprises a transparent semiconductor 
substrate, a double-heterostructure which is formed on the 
semiconductor substrate and contains a light-emitting layer and 
first and second cladding layers that sandwich two surfaces of 
the light-emitting layer, and a contact layer which is formed 
on the double-heterostructure and has a recessed surface. 
1 5 Since the recessed region is set on the contact layer formed 

on the transparent substrate, light from the light-emitting layer 
can be reflected to the side surface or the like, and effectively 
extracted outside the element. Thus, the light extraction 
efficiency increases. 
20 A semiconductor light-emitting element manufacturing 

method according to the present invention comprises the steps 
of sequentially forming a buffer layer, a first cladding layer, 
a light-emitting layer, a second cladding layer, and a contact 
layer on a transparent semiconductor substrate, recessing a 
25 surface of the contact layer, forming a first light-reflecting 
electrode on the surface of the contact layer, and forming a second 
electrode on a surface of the semiconductor substrate so as to 
remove a portion at which the second electrode faces the first 
electrode . 

30 Alternatively, a semiconductor light-emitting element 

manufacturing method according to the present invention 
comprises the steps of forming a buffer layer on a transparent 
semiconductor substrate so as to be lattice-matched with the 
semiconductor substrate, sequentially forming a first cladding 

3 5 layer, a light-emitting layer, a second cladding layer, and a 
contact layer on the buffer layer, recessing a surface of the 
contact layer, forming a first light-reflecting electrode on the 
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surface of the contact layer, and forming a second electrode on 
a surface of the semiconductor substrate. 

A semiconductor light-emitting element according to the 
present invention comprises at least a light-emitting layer 
formed on a semiconductor substrate, wherein a shape of the 
semiconductor light-emitting element is a polygonal prism having 
at least five corners or a circular cylinder. 

Since the element shape is a polygonal prism or circular 
cylinder, light reflected by the end face is reduced, compared 
to a quadrangular prism. Light inside the element can be 
effectively extracted outside from the end face to increase the 
light extraction efficiency. 

A semiconductor light-emitting element according to the 
present invention having a light-emitting layer for emitting 
light in a direction of plane comprises a photonics crystal layer 
on at least one surface of the light-emitting layer. 

The photonics crystal layer may be formed on the 
light-emitting layer on a side of a compound semiconductor 
light-emitting element opposite to a light extraction surface. 

Alternatively, the photonics crystal layer may be formed 
on the light-emitting layer on a light extraction surface side 
of the semiconductor light-emitting element, and a through 
dislocation may exist on the light extraction surface in a 
substantially vertical direction to pass light emitted by the 

light-emitting layer. 

A semiconductor light-emitting element according to the 
present invention comprises a semiconductor substrate, a contact 
layer formed on the semiconductor substrate, a first cladding 
layer formed on the contact layer, a light-emitting layer formed 
on the first cladding layer, and a second cladding layer formed 
on the light-emitting layer, wherein an interface of the contact 
layer in contact with the first cladding layer is corrugated to 
have a gradient index, and light emitted by the light-emitting 
layer is reflected by the interface. 

A semiconductor light-emitting element according to the 
present invention comprises a semiconductor substrate, and a 
light-emitting layer formed on the semiconductor substrate, 



wherein the semiconductor substrate has a rounded edge. 

Alternatively, a semiconductor light-emitting element 
according to the present invention comprises a photonics crystal 
layer, and at least one light-emitting element formed on each 
of two surfaces of the photonics crystal layer, wherein the 
light-emitting elements emit light with different emission 
wavelengths . 

A semiconductor light-emitting element according to the 
present invention comprises a transparent semiconductor 
substrate, a Bragg reflective layer formed on the semiconductor 
substrate, an active layer formed on the Bragg reflective layer, 
and a photonics crystal layer formed on the active layer. 

A semiconductor light-emitting element manufacturing 
method according to the present invention comprises the steps 
of sequentially forming a buffer layer, a first cladding layer, 
a light-emitting layer, and a second cladding layer on a first 
semiconductor substrate, forming a photonics crystal layer on 
the second semiconductor substrate, fusing the second cladding 
layer and the photonics crystal layer, and removing the first 
semiconductor substrate and the buffer layer. 

Alternatively, a semiconductor light-emitting element 
manufacturing method according to the present invention 
comprises the steps of sequentially forming a buffer layer, a 
contact layer, a first cladding layer, a light-emitting layer, 
and a second cladding layer on a first transparent semiconductor 
substrate, forming a photonics crystal layer on a second 
semiconductor substrate, fusing the first semiconductor 
substrate and the photonics crystal layer, and removing the second 
semiconductor substrate, wherein the photonics crystal layer 
contains a through dislocation on a light extraction surface in 
a substantially vertical direction to pass light emitted by the 

light-emitting layer. 

Alternatively, a semiconductor light-emitting element 
manufacturing method according to the present invention 
comprises the steps of forming a contact layer on a semiconductor 
substrate, corrugating a surface of the contact layer, and 
sequentially forming a first cladding layer, a light-emitting 
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layer, and a second cladding layer on the contact layer, wherein 
a gradient index is given by the corrugated interface of the 
contact layer in contact with the first cladding layer, and light 
emitted by the light -emitting layer is reflected by the interface . 

A semiconductor light-emitting element manufacturing 
method according to the present invention comprises the steps 
of forming at least a light-emitting layer on a semiconductor 
substrate, and processing an edge of the semiconductor substrate 

to round the edge. 

A semiconductor light-emitting element manufacturing 
method according to the present invention comprises the steps 
of forming a buffer layer on a first transparent semiconductor 
substrate, forming a Bragg reflective layer on the buffer layer, 
sequentially forming a light-emitting layer, a cladding layer, 
and a bonding layer on the Bragg reflective layer, forming a 
photonics crystal layer on a second semiconductor substrate, 
bonding the cladding layer and the photonics crystal layer via 
the bonding layer, and removing the second semiconductor 
substrate . 

A region having a gradient index inside the photonics 
crystal layer or semiconductor layer is formed on one surface 
of the light-emitting layer. Thus, light emitted by the 
light-emitting layer can be efficiently extracted outside the 
element to increase the extraction efficiency and luminance. 

p pTT^ir nKSCRT p,rTr>w OF rmK DRAWINGS 

Fig. 1 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the first embodiment of the present invention; 

Fig. 2 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the second embodiment of the present invention; 

Fig. 3 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the third embodiment of the present invention; 

Fig. 4 is a longitudinal sectional view showing the 
longitudinal section of an element in one step of a semiconductor 



light-emitting element manufacturing method according to the 
fourth embodiment of the present invention; 

Fig. 5 is a longitudinal sectional view showing the 
longitudinal section of the element in a step subsequent to the 
step shown in Fig. 4 in the semiconductor light-emitting element 

manufacturing method; 

Fig. 6 is a longitudinal sectional view showing the 
longitudinal section of the element in a step subsequent to the 
step shown in Fig. 5 in the semiconductor light-emitting element 

manufacturing method; 

Fig. 7 is a longitudinal sectional view showing the 
longitudinal section of the element in a step subsequent to the 
step shown in Fig. 6 in the semiconductor light-emitting element 

manufacturing method; 

Fig. 8 is a longitudinal sectional view showing the 
longitudinal section of the element in a step subsequent to the 
step shown in Fig. 7 in the semiconductor light-emitting element 

manufacturing method; 

Fig. 9 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the fifth embodiment of the present invention; 

Fig. 10 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the sixth embodiment of the present invention; 

Fig. 11 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the seventh embodiment of the present invention; 

Fig. 12 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the eighth embodiment of the present invention; 

Fig. 13 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the ninth embodiment of the present invention; 

Fig. 14 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the tenth embodiment of the present invention; 

Fig. 15 is a longitudinal sectional view showing the 
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structure of a semiconductor light-emitting element according 
to the eleventh embodiment of the present invention; 

Fig. 16 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the twelfth embodiment of the present invention; 

Fig. 17 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the thirteenth embodiment of the present invention; 

Fig. 18 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the fourteenth embodiment of the present invention; 

Fig. 19 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the fifteenth embodiment of the present invention; 

Fig . 20 is a longitudinal sectional view showing the method 
for forming a roughness on the surface of the GaN layer of the 
semiconductor light-emitting element according to the f iftennth 
embodiment of the present invention; 

Fig. 21 is a longitudinal sectional view showing the 
another method for forming a roughness on the surface of the GaN 
layer of the semiconductor light-emitting element according to 
the fifteenth embodiment of the present invention; 

Fig. 22 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the sixteenth embodiment of the present invention; 

Fig. 23 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the seventeenth embodiment of the present invention; 

Fig. 24 is a longitudinal sectional view showing the 
structure of a semiconductor light-emitting element according 
to the eighteenth embodiment of the present invention; 

Fig. 25 is a longitudinal sectional view showing the 
procedure of the method for manufacturing a photonics crystal 
using GaN; 

Fig. 26 is a longitudinal sectional view showing the 
structure of a conventional semiconductor light-emitting 
element ; 
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Fig. 27 is a longitudinal sectional view showing the 
structure of another conventional semiconductor light-emitting 
element ; 

Fig. 28 is a longitudinal sectional view showing the 
procedure of the method for manufacturing a photonics crystal 
using GaAs; 

Fig. 29 is a longitudinal sectional view showing the 
structure of a further other conventional semiconductor 
light-emitting element; 

Fig. 30 is a longitudinal sectional view showing the 
structure of a further other conventional semiconductor 
light-emitting element. 

Pfii gr ff TPT T " w ni? PKKFE PPPn kmbODTMENTS 

Preferred embodiments of the present invention will be 

described below with reference to the accompanying drawings . 

(1) the first embodiment 

Fig. 1 shows the structure of a semiconductor 

light-emitting element according to the first embodiment of the 

present invention. 

P-type Au/Zn electrodes 3102 and 3103, a p-type GaAs 
contact layer 3104, a p-type cladding layer 3105 made of 
In(x')Ga(y)Al(l-x'-y)P/ an active layer 3106 made of 
In(x")Ga(y")Al(l-x"-y" )P, an n-type cladding layer 3107 made of 
ln(x w )Ga(y w )Al(l-x B '-y m )P, an n-type GaAs contact layer 3108, 
an ITO (Indium Tin Oxide) transparent electrode 3109, and a 
bonding Cr/An electrode 3110 are sequentially formed on the upper 
surface of a p-type silicon substrate 3101. A p-type electrode 
3111 is formed on the lower surface of the substrate 3101. A 
voltage is applied between the electrodes 3110 and 3111 to supply 
power to the light-emitting element and emit light from the active 
layer 3106. 

in this structure, part of light that is emitted upward 
in Fig. 1 by the active layer 3106 passes through the transparent 
cladding layer 3107 and thin-film GaAs contact layer 3108. The 
light further passes through the transparent electrode 3109 and 
radiates outside. 
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Light emitted downward by the active layer 3106 passes 
through the cladding layer 3105 and thin-film contact layer 3104. 
The light is reflected by the electrode 3103 functioning as a 
reflective layer, radiated to above the element, and extracted 
outside. 

Since the electrode 3103 is made of a metal, unlike a 
conventional reflective layer, the electrode 3103 hardly changes 
in reflectivity with respect to the incident angle, and reflects 
almost all light. Thus, light can be efficiently extracted. 

If the n- and p-type contact layers are made of InGaP or 
InGaAlP, the band gap difference between each contact layer and 
the corresponding cladding layer decreases to further reduce the 

operating voltage. 

Since the metal electrode 3110 is formed on the upper 
surface of the transparent electrode 3109, stress strain applied 
to the active layer 3106 by the transparent electrode 3109 can 
be relaxed to improve the reliability. 

If the p-type electrode 3103 has a layered structure of 
a transparent conductive layer and a metal containing Al or Ag, 
the reflectivity can be increased to increase the light output 
from the light-emitting element. 
(2) the second embodiment 

The second embodiment of the present invention will be 
described with reference to Fig. 2. An SnPb solder layer 3302, 
a p-type Au/Zn electrode 3303, a p-type GaAs contact layer 3304 
having a thickness of 500 A and a carrier concentration of 1E19 
cm" 3 , a p-type cladding layer 3305 made of 
In(x')Ga(y)Al(l-x--y)P (0 =< (x 1 ,y ) =< 1) with a thickness 
of 2 /mm and a carrier concentration of 5E18 cm" 3 , an active layer 
3306 made of ln(x" )Ga(y» )A1( l-x"-y" )P (0 =< (x",y") =< 1), an 
n-type cladding layer 3307 made of In( x m )Ga(y"' )Al(l-x ro -y"' )P (0 
=< (x"',y m ) =< 1 > wi th a thickness of 1.5 y.m and a carrier 
concentration of 3E18 cm" 3 , an n-type GaAs contact layer 3308 
having a thickness of 500 A and a carrier concentration of 1E19 
cm" 3 , an ITO (Indium Tin Oxide) transparent electrode 3309, and 
a bonding Cr/An electrode 3310 are formed on the upper surface 
of an Al substrate 3301. 



In the structure of the second embodiment, a light-emitting 
layer with a double-heterostructure made up of the active layer 
3306 and cladding layers 3305 and 3307 is formed on the Al 
substrate 3301. Heat generated in the active layer 3306 
dissipates via the Al substrate 3301. As a result, the 
semiconductor light-emitting element can operate without 
decreasing the light output even at a high temperature^of 100°C. 

in this case, the compositions (x 1 , x m , y', y" ) of the 
cladding layers 3305 and 3307 and the composition (x", y" ) of 
the active layer 3306 are adjusted such that the band gaps of 
the cladding layers 3305 and 3307 become larger than that of the 
active layer 3306. This enables setting sufficiently high 
densities of electrons and holes contributing to emission, 
increasing the light output. If the active layer 3306 is formed 
into a single or multiple quantum well structure made up of a 
well layer several ten A thick and a barrier layer several ten 
A thick, a large light output can be obtained with a small current. 
By changing the composition of the active layer 3306, the 
semiconductor light-emitting element can emit light from red to 
green. If the n- and p-type contact layers are made of inGaP or 
InGaAlP, light can be extracted without being absorbed by the 
contact layers. 
(3) the third embodiment 

The third embodiment of the present invention will be 
described with reference to Fig. 3. N-ty P eAu/Ge electrodes 3411 
and 3402 are respectively formed on the lower and upper surfaces 
of an n-type silicon substrate 3401 . A p-type Au/Ni/Au electrode 
3403, a p-type GaN contact layer 3404, a p-type AlGaN cladding 
layer 3405, an inGaN active layer 3406, an n-type AlGaN cladding 
layer 3407, an n-type GaN contact layer 3408, an ITO transparent 
electrode 3409, and a bonding Cr/An electrode 3410 are formed 
on the surface of the n-type electrode 3402. 

According to this embodiment, a current can be spread by 
the ITO transparent electrode 3409 and injected to the entire 
active layer 3406 to cause the entire region of the active layer 
3406 to emit light . Light emitted upward by the active layer 3406 
passes through the transparent cladding layer 407 , further passes 



through the contact layer 408 and electrode 3409, and radiates 
outside. Light emitted downward by the active layer 3406 passes 
through the. cladding layer- 3405. and contact layer 3404. Then, 
all the light is reflected by the p-type electrode 3403, radiated 
upward, and extracted outside. 

Since the electrode 3403 serving as a reflective layer is 
made of a metal, the electrode 3403 reflects all light without 
absorbing it , and the light can be efficiently extracted outside . 
If the electrode 3403 is made of a metal containing Al or Ag, 
its reflectivity can be increased to increase light output. 

The cladding layer may be made of In(xl )Ga(yl )Al( 1-xl-yl )N, 
and the band gap can be controlled by changing the compositions 
xl and yl. Similarly, the active layer 3406 may be made of 
In(x2)Ga(y2)Al(l-x2-y2)N, and emission from infrared radiation 
to ultraviolet radiation can be realized by changing the 
compositions x2 and y2. If the cladding and active layers have 
the same lattice constant, high luminance can be realized with 
a small current. For ultraviolet radiation, the ITO transparent 
electrode 3409 is made as thin as several hundred A or uses a 
thin metal film several 10 A thick, thereby increasing light 
output . 

(4) the fourth embodiment 

A method of manufacturing the semiconductor 
light-emitting element of the first embodiment will be explained 
as the fourth embodiment of the present invention with reference 

to Figs. 4 to 8. 

As shown in Fig. 4, a GaAs buffer layer 3011, an InGaAlP 
selective etching layer 3012, an n-type GaAs contact layer 3108, 
an n-type InGaAlP cladding layer 3107, an InGaAlP active layer 
3106, an InGaAlP cladding layer 3105, and a p-type GaAs contact 
layer 3104 are sequentially grown on a GaAs substrate 3010 using 
MOCVD or MBE. 

As shown in Fig. 5, a p-type electrode 3103 is formed on 
the surface of the contact layer 3104, and adhered via a solder 
layer 3013 of SnPb or the like to a p-type silicon substrate 3101 
having p-type electrodes 3102 and 3111 formed on its lower and 
upper surfaces. 



After the end face of the wafer is covered with wax except 
for the selective etching layer 3012, the selective etching layer 
3012 is etched away with phosphoric acid or sulfuric acid, as 
shown in Fig. 6. In this case, heating the phosphoric acid or 
sulfuric acid to a high temperature facilitates removal by 
etching . 

As shown in Fig. 7, a transparent electrode 3109 and 
bonding electrode 3110 are formed on the surface of the contact 
layer 3108. The resultant wafer is divided into a plurality of 
chips by scribing or dicing. 

As shown in Fig. 8, an LED chip 2 is placed on a frame 1 
or substrate using Ag paste 4 or the like, and bonded to the frame 
1 or substrate using an Au wire 3 . Then, a resin mold 5 is formed 
to cover the LED chip 2 and Au wire 3. 

The above-described embodiments are merely examples, and 
do not limit the present invention. The substrate may be a p- or 
n-type silicon substrate, like the first and third embodiments, 
or may be made of a metal such as Al, like the second embodiment. 
The metal is not limited to Al, and may be Cu, Fe, or stainless 
steel . 

A substrate made of such metal exhibits a large heat 
dissipation effect. Hence, even when a large current of several 
10 A flows, saturation of light output by heat generation does 
not occur, and the semiconductor light-emitting element can 
operate even at a temperature of 100°C. 

(5) the fifth embodiment 

in the first embodiment, the electrodes 3102 and 3103 
directly contact each other. Alternatively, like the fifth 
embodiment shown in Fig. 9, an intermediate layer 3120 made of 
in, Ag, Ni, Cr, or the like may be sandwiched between the 
electrodes 3102 and 3103. In this case, thermal strain of the 
active layer can be reduced to improve the reliability. 

(6) the sixth embodiment 

in the first embodiment, the p-type contact layer 3104 and 
p-type cladding layer 3105 directly contact each other. 
Alternatively, like the sixth embodiment shown in Fig. 10, a 
strain relaxing layer may be sandwiched between the p-type contact 
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layer 3104 and the p-type cladding layer 3105. This structure 
can prevent dislocations from the heterojunction caused by 
current injection. Doping In into the strain relaxing layer can 
soften the crystal structure and suppress an increase in 
dislocations . 

(7) the seventh embodiment 

Fig. 11 shows the structure of a semiconductor 
light-emitting element according to the seventh embodiment of 

the present invention. 

An In(xl)Ga(yl)Al(l-xl-yl)P buffer layer 101, n-type 
In(x2)Ga(y2)Al(l-x2-y2)P contact layer 102, n-type 
ln(x3)Ga(y3)Al(l-x3-y3)P cladding layer 103, 
In(x4)Ga(y4)Al(l-x4-y4)P active layer 104, p-type 
ln(x5)Ga(y5)Al(l-x5-y5)P cladding layer 105, and p-type 
In(x6)Ga(y6)Al(l-x6-y6)P contact layer 106 are sequentially 
formed on a transparent ZnSe semiconductor substrate 100. 

An n-type AuGe electrode 107 is formed on the partially 
etched n-type contact layer 102, whereas a p-type AuZn electrode 
108 is formed on the p-type contact layer 106. In this case, 0 
<= xl,..-, x6, yl,..«, y6, xl+yl,..., x6+y6 <= 1. 

The electrode material can desirably ohmic-contact the 
contact layer, and exhibit a high light reflectivity. 

Light emitted by the active layer 104 is extracted outside 
via the semiconductor substrate 100 . Light traveling toward the 
p-type electrode 108 is reflected by the electrode 108, and 
extracted outside via the substrate 100. Since no obstacle 
exists on the light extraction surface, light inside the element 
can be effectively extracted to increase the light extraction 
efficiency . 

ZnSe used for the substrate 100 has a lattice constant of 
5.667 A. This lattice constant can be controlled from 5.451 A 
to 5.868 A by changing the compositions x and y of the 
in(x)Ga(y)Al(l-x-y)P layer formed on the substrate 100. Thus, 
the light-emitting layer 104 which is lattice-matched with the 
ZnSe substrate 100 or is not lattice-matched but has a thickness 
falling within the critical film thickness can be formed with 
high crystallinity. 



The compositions of the cladding layer 103 and contact 
layer 106 are adjusted to be larger than the band gap of the active 
layer 104. This can realize a structure free from any internal 
absorption . 

By changing the composition of the active layer 104, light 
ranging from red to green can be emitted. If the active layer 
104 is formed into a single or multiple quantum well structure 
using a quantum well layer several ten A thick, high emission 
efficiency and long service life can be attained. 

The n-type electrode 107 is formed by ion- implanting or 
diffusing an n-type impurity in the p-type contact layer 106. 
The p- and n-type electrodes 108 and 107 are formed on the same 
plane. This enables directly adhering the p-type electrode 108 
to a heat sink. Since heat can satisfactorily dissipate, the 
semiconductor light-emitting element can operate up to a large 
current of several A without saturating a light output. 
(8) the eighth embodiment 

Fig. 12 shows the structure of a semiconductor 
light-emitting element according to the eighth embodiment of the 

present invention . 

An ln(xl)Ga(yl)Al(l-xl-yl)P buffer layer 201, n-type 
In(x2)Ga(y2)Al(l-x2-y2)P contact layer 202, n-type 
In(x3)Ga(y3)Al(l-x3-y3)P cladding layer 203, 
ln(x4)Ga(y4)Al(l-x4-y4)P active layer 204, p-type 
In(x5)Ga(y5)Al(l-x5-y5)P cladding layer 205, and p-type 
ln(x6)Ga(y6)Al(l-x6-y6)P contact layer 206 are sequentially 
formed on a GaAs semiconductor substrate 200. 

An n-type AuGe electrode 207 is formed on the partially 
etched n-type contact layer 202, whereas a p-type AuZn electrode 
208 is formed on the p-type contact layer 206. 

A light extraction window 209 is formed in the substrate 
200 at a position where the light extraction window 209 faces 
the p-type electrode 208 via the active layer 204 so as to extract 
light, inthis case, 0 <= xl , . . . , x6, yl , . . . , y6 , xl+yl , . . . , x6+y6 
<= l. 

Light emitted by the active layer 204 is extracted outside 
via the light extraction window 209 . Light traveling toward the 



p-type electrode 208 is reflected by the electrode 208, and 
extracted outside via the window 209. 

As for the size of the electrode 208, if the electrode 208 
is larger than the light extraction window 209, part of light 
is absorbed by the substrate 200, and cannot be sufficiently 
extracted. Thus , the electrode 208 is desirably smaller than the 
light extraction window 209. Since light emitted by the active 
layer 204 can be effectively extracted, a light output from the 

element increases. 

The eighth embodiment can effectively extract internal 
light because no obstacle exists on the light extraction surface. 
The compositions of the cladding layers 203 and 205 and contact 
layers 202 and 206 are adjusted to be larger than the band gap 
of the active layer 204. This can realize a structure free from 
any internal absorption. 

By changing the composition of the active layer 204, light 
ranging from red to green can be emitted. 

If the active layer 204 is formed into a single or multiple 
quantum well structure using a quantum well layer several ten 
A thick, high emission efficiency and long service life can be 
attained. 

The n-type electrode 207 is formed on the same plane as 
the p-type electrode 208 by forming a region in which an n-type 
impurity is ion-implanted or diffused from the p-type contact 
layer 206. This enables directly adhering the p-type electrode 
208 to a heat sink, so that the semiconductor light-emitting 
element can operate up to a large current of several A without 
saturating a light output. 
(9) the ninth embodiment 

Fig. 13 shows the structure of an element according to the 
ninth embodiment of the present invention. 

An n-type ln(xl )Ga(yl )Al( 1-xl-yl )P buffer layer 301, 
n-type In(x2)Ga(y2)Al( l-x2-y2)P cladding layer 302, n-type 
in(x3)Ga(y3)Al(l-x3-y3)P active layer 303, p-type 
In(x4)Ga(y4)Al(l-x4-y4)P cladding layer 304, and p-type 
In(x5)Ga(y5)Al(l-x5-y5)P contact layer 305 are sequentially 
formed on the upper surface of an n-type GaP substrate 300. An 



n-type AuGeNi electrode 306 is formed on the lower surface of 
the n-type GaP substrate 300. A light extraction window 308 is 
formed in the n-type electrode 306. A p-type AuZn electrode 307 
is formed on the p-type contact layer 305 whose surface is etched 
into a recessed shape. 

in this case, xa+ya <= 1, 0 <= xa, ya <= 1, and a = 1 to 

5. 

Light emitted by the active layer 303 travels straight in 
a direction indicated by an arrow A, and is extracted outside 
the element via the light extraction window 308 on the n-type 
electrode 306 side. Light indicated by an arrow B is reflected 
by the p-type electrode 307 formed on the recessed surface of 
the contact layer 305, and extracted outside from the side 
surface . 

in the element shown in Fig. 27, light reflected by the 
p-type electrode 1107 is further reflected by the n-type electrode 
1100, absorbed by the internal impurity of the crystal, converted 
intoheat, and thus cannot be extracted outside. This embodiment, 
however, can effectively extract such light outside the element 
to increase the light extraction efficiency. 

The compositions of the cladding layers 302 and 304 and 
contact layer 305 are adjusted to be larger than the band gap 
of the active layer 303. This can realize a structure free from 
any internal absorption. 

By changing the composition of the active layer 303, light 
ranging from red to green can be emitted. 

If the active layer 303 is formed into a single or multiple 
quantum well structure using a quantum well layer several ten 
A thick, high emission efficiency and long service life can be 
attained . 

(10) the 10th embodiment 

The 10th embodiment of the present invention will be 
described with reference to Fig. 14. This embodiment uses ZnSe 
for a semiconductor substrate. 

An n-type ln(xl)Ga(yl )Al(l-xl-yl )P buffer layer 401 which 
is lattice-matched with a substrate 400, n-type 
ln(x2)Ga(y2)Al(l-x2-y2)P cladding layer 402, 



In(x3)Ga(y3)Al(l-x3-y3)P active layer 403, p-type 
In(x4)Ga(y4)Al(l-x4-y4)P cladding layer 404, and p-type 
In(x5)Ga(y5)Al(l-x5-y5)P contact layer 405 are sequentially 
formed on the upper surface of the n-type ZnSe substrate 400. 

An n-type AuGeNi electrode 406 is formed on the lower 
surface of the n-type ZnSe substrate 400, whereas a p-type AuZn 
electrode 407 is formed on the partially etched p-type contact 
layer 405. 

The compositions xl to x5 and yl to y5 of the respective 
layers 401 to 405 must be adjusted within a range in which these 
layers 401 to 405 can be lattice-matched with the n-type ZnSe 
substrate 400 . The band gaps of the p- and n-type cladding layers 
404 and 402 are set larger than that of the active layer 403 to 
enhance the double-hetero effect. 

in this structure, similar to the ninth embodiment, the 
surface of the p-type contact layer 405 is etched into a recessed 
shape. Light emitted by the active layer 403 can be reflected 
below the p-type electrode 407 and extracted from the end face, 
so that the extraction efficiency increases. 

As for the element size, a general element has a size of 
300 Attn x 300 Attn. In the 10th embodiment, the element has a size 
of 100 Attn x 100 JULm, which can reduce light absorption inside 
the element to increase the light extraction efficiency. More 
specifically, a light output from the entire element is 
substantially doubled. 

By changing the compositions x3 and y3 of the active layer 
403 , light ranging from red to green can be emitted . If the active 
layer 403 is formed into a quantum well structure about several 
ten A in element thickness, the stress by the ZnSe substrate can 
be reduced to achieve long service life. 
(11) the 11th embodiment 

Fig. 15 shows a structure according to the 11th embodiment 
according to the present invention. 

An n-type in(xl )Ga(yl )Al( 1-xl-yl )P buffer layer 501, 
n-type In(x2)Ga(y2)Al(l-x2-y2)P cladding layer 502, 
in(x3)Ga(y3)Al(l-x3-y3)P active layer 503, p-type 
In(x4)Ga(y4)Al(l-x4-y4)P cladding layer 504, and p-type 
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In(x5)Ga(y5)Al(l-x5-y5)P contact layer 505 are sequentially 
formed on the upper surface of an n-type GaP semiconductor 

substrate 500. 

An n-type AuGeNi electrode 506 is formed on the lower 
5 surface of the n-type GaP substrate 500, whereas a p-type AuZn 
electrode 507 is formed on the p-type contact layer 505. 

in this case, xa+ya < 1, 0 <= xa, ya <= 1, and a = 1 to 

5. 

As the element shape, the element is processed into an 
10 octagonal prism whose surface is octagonal, as shown in Fig. 15. 
Light, which is radiated to the four corners of a general element 
having a quadrangular prism shape whose surface is quadrangular, 
can be extracted outside without being completely reflected 
because the four corners of the element are cut. 
15 The element shape is not limited to the octagonal shape, 

and may be a polygonal shape having five or more corners . As the 
number of corners increases, the light extraction efficiency 
increases. If the element shape is a circular cylinder whose 
surface is circular, the light extraction efficiency further 

2 0 increases . 

The compositions of the cladding layers 502 and 504 and 
contact layer 505 are adjusted to be larger than the band gap 
of the active layer 503, which can realize a structure free from 
any internal absorption. By changing the composition of the 
25 active layer 503 , light ranging from red to green can be emitted. 

If the active layer 503 is formed into a single or multiple 
quantum well structure using a quantum well layer several ten 
A thick, high emission efficiency and long service life can be 
attained. 

3 0 (12) the 12th embodiment 

Fig. 16 shows the 12th embodiment of the present invention. 

An n-type ln(xl)Ga(yl)Al(l-xl-yl)N buffer layer 601, 
n-type In(x2 )Ga(y2 )A1( l-x2-y2 )N cladding layer 602, 
ln(x3)Ga(y3)Al(l-x3-y3)N active layer 603, p-type 
35 In(x4)Ga(y4)Al(l-x4-y4)N cladding layer 604, and p-type 

In(x5)Ga(y5)Al(l-x5-y5)N contact layer 605 are sequentially 
formed on the upper surface of an n-type GaN substrate 600. 
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An n-type TiAu electrode 606 is formed on the lower surface 
of the n-type GaN substrate 600, while a p-type NiAu electrode 
607 is formed on the p-type contact layer 605. 

In this case, xa+ya <= 1, 0 <= xa, ya <= 1, and a = 1 to 

5 5. 

As shown in Fig. 15, the element is processed into an 
octagonal prism whose surface is octagonal, thereby increasing 
the light extraction efficiency. The element shape is not 
limited to the octagonal shape, and may be a polygonal shape having 
10 five or more corners . If the element is processed into a circular 
cylinder, as shown in Fig. 16, the light extraction efficiency 
further increases. 

The compositions of the cladding layers 602 and 604 and 
contact layer 605 are adjusted to be larger than the band gap 
15 of the active layer 603 . This realizes a structure free from any 
internal absorption. 

By changing the composition of the active layer 603, light 
ranging from red to green can be emitted. 

If the active layer 603 is formed into a single or multiple 

2 0 quantum well structure using a quantum well layer several ten 

A thick, high emission efficiency and long service life can be 
attained. 

(13) the 13th embodiment 

In recent years, so-called photonics crystals are being 
25 available. The "photonics crystal" is attained by imparting a 
periodic gradient index to a medium. The effects of the photonics 
crystal become stronger for two and three dimensions, and exhibit 
characteristic optical properties. 

The feature of the photonics crystal is based on the band 

3 0 gap. Since the band gap does not permit any optical state, light 

having a photon energy corresponding to the band gap cannot exist 
in the crystal. Thus, external light incident on the crystal is 
reflected. If a defect is linearly introduced into the crystal, 
photons are permitted to exist in the crystal. This realizes the 
35 light confinement effect and waveguide. 

An example of the photonics crystal is one using a wafer 
bonding technique that is described in the following reference 



25 

by Noda et al . : 

"the Journal of the Institute of Electronics , Information 
and Communication Engineers, March 1999, pp. 232 - 241" 

Figs . 28A to 28E show the steps of the manufacturing method . 
5 As shown in Fig. 28A # an AlGaAs layer 1201 and GaAs layer 1202 
are formed on a GaAs substrate 1200. 

As shown in Fig. 28B, the GaAs layer 1202 is patterned into 

a grating shape. 

The substrate processed in this manner, and another 
10 substrate made up of a GaAs substrate 1210, AlGaAs layer 1211, 
and GaAs layer 1212 are prepared, and fused while being positioned 
to make the stripe-shaped GaAs layers 1202 and 1212 be 
perpendicular to each other, as shown in Fig. 28C. 

As shown in Fig. 28D, one substrate 1210 and one AlGaAs 
15 layer 1211 are selectively etched with an etchant. 

By repeating the steps in Figs. 28A to 28D, a photonics 
crystal with diffraction gratings made up of the GaAs-based 
semiconductor material and the air is manufactured . In this case , 
every second diffraction gratings parallel to each other must 
20 be shifted in phase by half the period of emitted light. 

The 13th embodiment of the present invention using this 
photonics crystal will be explained with reference to Figs. 17A 
and 17B. 

As shown in Fig. 17A, a p-type GaAs buffer layer 701 , p-type 
2 5 GaAs contact layer 712 , p-type InGaAlP cladding layer 702, InGaAlP 
active layer 703, and n-type InGaAlP cladding layer 704 are 
sequentially grown on a p-type GaAs substrate 700 by MOCVD. 

Separately from this structure, a photonics crystal layer 
705 is prepared through the above-described steps, and fused onto 
3 o the n-type InGaAlP cladding layer 704. An n-type GaAs n-type GaAs 
layer 706 is formed on the photonics crystal layer 705. 

The p-type GaAs substrate 700 and p-type GaAs buffer layer 
701 are removed. As shown in Fig. 17B, an n-type electrode 708 
is formed on the n-type GaAs layer 706, and a p-type transparent 
35 electrode 709 is formed on the p-type GaAs contact layer 712. 
The p-type transparent electrode 709 is partially removed to form 
a blocking layer 711. A p-type electrode pad 710 is formed from 
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the p-type transparent electrode 709 to the blocking layer 711. 

In this structure, light emitted by widening a current 
flowing from the p-type electrode pad 710 by the p-type 
transparent electrode 709 and injecting it into the active layer 
5 703 is reflected by the photonics crystal layer 705 , and extracted 
via the p-type transparent electrode 709. 

The photonics crystal layer 705 reflects 90% or more of 
light. As a result, a light output of 8 mW with an emission 
wavelength of 630 nm can be obtained for a current value of 20 
10 mA. This value is about double the value of the element shown 
in Fig. 27, and the light extraction efficiency greatly 
increases . 

(14) the 14th embodiment 

The structure of an element according to the 14th 

15 embodiment of the present invention will be described with 
reference to Fig. 18. 

The 14th embodiment concerns a GaN-based compound 
semiconductor light-emitting element in which a photonics 
crystal having a through dislocation is formed on the light 

20 extraction surface. 

A GaN buffer layer ( not shown ) , n-type GaN layer 802 , n-type 
AlGaN cladding layer 803, InGaN active layer 804, p-type AlGaN 
cladding layer 805, and p-type GaN contact layer 809 are 
sequentially grown on a sapphire substrate 801. 

25 The p-type AlGaN cladding layer 805, InGaN active layer 

804, and n-type AlGaN cladding layer 803 are partially etched 
to expose the surface of the n-type GaN layer 802. A p-side 
electrode & bonding electrode 806 (which need not be transparent) 
is formed on the p-type GaN contact layer 809, and an n-side 

3 0 electrode 807 is formed on the n-type GaN layer 802. 

Separately from this structure, e.g., a GaN photonics 
crystal layer is formed on a sapphire substrate. GaN on the 
sapphire substrate contains many through dislocations. Such a 
photonics crystal layer 808 and the sapphire substrate 801 are 

35 fused, in this case, the sapphire substrate 801 is transparent 
and does not absorb emitted light. 

In this structure, a current flowing from the p-side 



27 

electrode 806 is injected from the p-type GaN contact layer 809 
to the InGaN active layer 804 to emit light. The light is 
extracted outside the element via the photonics crystal layer 
808. 

5 As described above, the photonics crystal layer 808 

contains many through dislocations . Thus , the photonics crystal 
layer 808 does not reflect light, unlike the n-type GaAs layer 
706 in the 13th embodiment, and light travels along the through 
dislocations and is efficiently extracted outside the chip . This 

10 photonics crystal layer 808 also functions as a filter to obtain 
monochrome light with a smaller half-width wavelength. 
(15) the 15th embodiment 

The 15th embodiment will be described with reference to 
Fig. 19. This embodiment concerns an example in which no 

15 photonics crystal is introduced. 

The 15th embodiment is about a GaN-based compound 
semiconductor light-emitting element. A GaN buffer layer (not 
shown), n-type GaN layer 902, n-type AlGaN cladding layer 903, 
InGaN active layer 904, p-type AlGaN cladding layer 905, and 

2 0 p-type GaN contact layer 911 are sequentially grown on an n-type 

GaN substrate 901. The p-type GaN contact layer 911, p-type AlGaN 
cladding layer 905, InGaN active layer 904, n-type AlGaN cladding 
layer 903 , and n-type GaN layer 902 are partially etched to expose 
the surface of the n-type GaN layer 902. 
25 a p-side transparent electrode 906 is formed on the p-type 

AlGaN cladding layer 905. A current blocking layer 907 made of 
a current blocking insulating film is formed adjacent to the 
p-side transparent electrode 906. A p-side bonding electrode 908 
connected to the p-side transparent electrode 906 is formed on 

3 0 the current blocking layer 907 . Further, an n-side electrode 910 

is formed on the n-type GaN contact layer 902. 

After the interface of the n-type GaN layer 902 is 
corrugated, the n-type AlGaN cladding layer 903 is grown to have 
the gradient index. As a method of corrugating the interface of 
35 the n-type GaN layer 902, the method shown in Figs. 20A to 20D 
or Figs. 21A to 21C may be employed. 

According to the method shown in Figs. 20A to 20D, a GaN 



buffer layer 2001 and n-type GaN contact layer 2002 are 
sequentially formed on a sapphire substrate 2000, as shown in 
Fig- 20A. 

As shown in Fig. 2 0B, a resist is applied and patterned 
5 by photolithography to form a resist film 2003. 

As shown in Fig- 20C, the surface of the n-type GaN contact 
layer 2002 is corrugated using the resist film 2003 as a mask. 

As shown in Fig. 20D, a p-type AlGaN cladding layer 2003 
is formed to planar ize the surface. 
10 Alternatively, according to the method shown in Figs. 21A 

to 21C, a GaN buffer layer 2101 and n-type GaN contact layer 2102 
are sequentially formed on a sapphire substrate 2100, as shown 
in Fig. 21A. 

As shown in Fig. 2 IB, the ratio of Cl 2 gas is set high by 
15 setting the ratio of an etching gas flow rate in reactive ion 
etching to BC 13 : Cl 2 = 1 : 1. Then, the surface of the n-type 
GaN contact layer 2102 becomes rough. 

As shown in Fig. 21C, a p-type AlGaN cladding layer 2103 
is formed to planarize the surface. 
20 According to the 15th embodiment, the interface of the 

n-type GaN layer 902 is corrugated to have the gradient index 
with the n-type AlGaN cladding layer 903 . Light is reflected and 
scattered by the interface, and a larger amount of light is 
extracted outside the element. 
25 (16) the 16th embodiment 

An element according to the 16th embodiment will be 
explained with reference to Figs. 22A to 22D. As shown in 
Fig. 22A, a buffer layer (not shown) , cladding layer 2201, active 
layer 2202, and cladding layer 2203 are sequentially formed on 
30 a substrate 2200. A resist film 2204 is formed on a surface of 
the substrate 2200 opposite to the element formation surface. 

As shown in Fig. 22B, the resist film 2204 is heated to 
round its edge. 

As shown in Fig. 22C, the structure is etched using the 
35 resist film 2204 as a mask to process the edge of the semiconductor 
substrate 2200 into a shape corresponding to the rounded shape 
of the resist film 2204. 
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As shown in Fig. 22D, a photonics crystal layer 2204 having 
a high reflectivity is fused to the substrate 2200. 

According to the 16th embodiment, as. indicated by arrows 
in Fig. 22D, light emitted by the active layer 2202 is reflected 
5 by the etched portions of the substrate 2200 at various angles. 
Accordingly, the light extraction efficiency and emission 
intensity increase. 
(17) the 17th embodiment 

A light-emitting element which emits light with three 
10 wavelengths can be implemented by forming, on a photonics crystal 
layer, three light-emitting elements having different emission 
wavelengths like a light-emitting element formed on a sapphire 
substrate. 

As shown in Fig . 23 , blue- and green-emitting elements 2302 
15 and 2303 are formed on one surface of a photonics crystal layer 
2300, while a red-emitting element 2301 is formed on the other 
surface. 

The photonics crystal layer 2300 having a high reflectivity 
with respect to light in the short-wave range is formed to prevent 

20 short-wavelength beams from the blue- and green-emitting 

elements 2302 and 2303 from passing through the photonics crystal 
layer 2300 and optically exciting the active layer of the 
red-emitting element 2301. The red-emitting element 2301 for 
emitting a long-wavelength beam is fused to the lower surface 

25 of the photonics crystal layer 2300. With this structure, blue, 
green, and red beams are mixed to obtain a white beam. 

In this case, the colors of light-emitting elements can 
be variously combined, and the mixed color is changed in 
accordance with the combination. 

30 (18) the 18th embodiment 

The 18th embodiment of the present invention will be 
described with reference to Fig. 24. This embodiment 
exemplifies a GaN-based RC-LED (Resonance Cavity LED). An 
n-typeGaN buffer layer 2401, and AlGaN/GaN DBR (Distributed Bragg 

35 Reflector) layer 2402 having a medium reflectivity are formed 
on a transparent GaN-based semiconductor substrate 2400. 
Further, an InGaN active layer 2403 having a MQW (Multiple Quantum 
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Well) structure, p-type AlGaN cladding layer 2404, and p-type 
InGaN bonding layer 2405 are formed on the DBR layer 2402. 

A photonics crystal layer 24.06 with a high reflectivity 
that is prepared separately is bonded to the cladding layer 2404 
via the bonding layer 2405. Then, a p-type electrode 2407 is 
formed on the lower surface of the photonics crystal layer 2406, 
and an n-type electrode 2408 is formed on the upper surface of 
the semiconductor substrate 2400. 

The DBR layer having a high reflectivity is difficult to 
obtain using a GaN-based semiconductor material . By introducing 
the photonics crystal layer 2406, high light extraction 
efficiency can be realized. 

The materials of the respective layers are not limited to 
the above ones , and another GaN-based semiconductor material or 
a GaAs-based semiconductor material may be adopted. If a 
GaAs-based material is adopted, GaAs absorbs emitted light. To 
prevent this , the substrate is removed to fuse the light-emitting 
layer to a GaP substrate or the like. 

The element according to the 18th embodiment can also be 
applied to a VCSEL (Vertical Cavity Surface Emitting Laser). 

A method of forming a GaN-based photonics crystal will be 
described with reference to Figs. 25A to 25E. 

As shown in Fig. 25A, a buffer layer 2501 and 
ln(x)Al(y)Ga(l-x-y)N layer (0 ^ x, y ^ 1) 2502 are formed on 
a GaN substrate 2500. 

As shown in Fig. 25B, the In(x)Al(y )Ga( 1-x-y )N layer 2502 
is patterned into a grating shape. 

The substrate processed in this manner, and another 
substrate made up of a GaN substrate 2600, buffer layer 2601, 
and In(x)Al(y)Ga(l-x-y)N layer 2602 are prepared, and fused while 
being positioned to make the stripe-shaped layers 2502 and 2602 
be perpendicular to each other, as shown in Fig. 25C. 

As shown in Fig. 25D, one GaN substrate 2600 is removed 
by irradiating it with a laser beam. 

As shown in Fig. 25E, the buffer layer 2601 is removed by 
reactive ion etching . 

By repeating the steps in Figs. 25A to 25E, a photonics 
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crystal having diffraction gratings is manufactured. In this 
case, every second diffraction gratings parallel to each other 
must be shifted in phase by half the period of emitted light. 
According to the 13th to 18th embodiments, a photonics 
5 crystal region or a region having a predetermined gradient index 
is formed on at least one surface of the light-emitting layer 
of a compound semiconductor light-emitting element. 

In particularly, the photonics crystal does not permit 
light corresponding to the band gap to exist, and thus functions 

10 as a high-reflectivity film. The photonics crystal exhibits a 
high reflectivity with respect to a light component other than 
a vertically incident light component. By introducing this 
photonics crystal as a reflective layer, the light extraction 
efficiency can be increased. 

15 In a GaN-based compound semiconductor light-emitting 

element, many through dislocations exist in a GaN layer. When 
a photonics crystal is formed using this crystal, the photonics 
crystal fused to the substrate contains many through dislocations . 
Hence, light travels along the dislocations and is efficiently 

2 0 extracted outside the element. The photonics crystal in this 

case functions as a filter, so that monochrome light with a smaller 
half -width wavelength can be obtained. 

If a light-emitting element having a different emission 
wavelength from that of a light-emitting element formed on a 
25 sapphire substrate is formed on a photonics crystal layer, a 
light-emitting element for emitting light with two wavelengths 
can be implemented. 

Alternatively, the interface of a semiconductor layer is 
corrugated to obtain the gradient index inside the semiconductor 

3 0 layer. Light is reflected and scattered by this interface, and 

can be more effectively extracted outside the element. 

The gradient index may be obtained inside the semiconductor 
layer by a combination of semiconductor layers having different 
refractive indices. 
3 5 in a gradient index region, light emitted by an active layer 

is reflected by a larger amount in a chip, and extracted from 
the light extraction surface. This can greatly increase the 
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light extraction efficiency and luminance. 

The increase in luminance can decrease the injection 
current and can also improve the element reliability. 



